wo 2012/047070 A2 I 1A 0K 000 OO R RO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau WIP0)

-

U
(43) International Publication Date :
12 April 2012 (12.04.2012)

(10) International Publication Number

WO 2012/047070 A2

(51) International Patent Classification: 74)

HO4W 24/08 (2009.01) HO04W 24/10 (2009.01)

(21) International Application Number:

PCT/KR2011/007462 (81)

(22) International Filing Date:

8 October 2011 (08.10.2011)
English
English

(25)
(26)
(30)

Filing Language:
Publication Language:

Priority Data:
10-2010-0098452 8 October 2010 (08.10.2010)
10-2010-0110273 8 November 2010 (08.11.2010)

KR
KR

(71) Applicant (for all designated States except US): PAN-
TECH CO., LTD. [KR/KR]; Pantech R&D Center, I-2

DMC, Sangam-dong, Mapo-gu, Seoul 121-270 (KR). 84

(72)
(73)

Inventors; and

Inventors/Applicants (for US only): JUNG, Myung
Cheul [KR/KR]; Pantech Bldg., I-2 DMC, Sangam-dong,
Mapo-gu, Seoul 121-270 (KR). KWON, Ki Bum
[KR/KR]; Pantech Bldg., I-2 DMC, Sangam-dong, Mapo-
gu, Seoul 121-270 (KR). AHN, Jae Hyun [KR/KR]; Pan-
tech Bldg., I-2 DMC, Sangam-dong, Mapo-gu, Seoul
121-270 (KR).

Agent: OH, Jae Eon; Essen Patent & Law Firm, 2F.
Samheung Yeoksam Bldg., 735-10 Yeoksam-dong, Gang-
nam-gu, Seoul 135-080 (KR).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
NZ, OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD,
RU, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ,
DE, DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT,
LT, LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS,
SE, SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CIL, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: METHOD FOR OBTAINING INFORMATION IN WIRELESS COOMMUNICATION SYSTEM AND APPARA-

TUS THEREOF USING MDT

[Fig. 2]
530
500
550
] 560
520

510

(57) Abstract: Disclosed are an apparatus and method
for collecting information using an MDT (Minimization
Driving Test) in a wireless communication system, in-
cluding: setting a log environment based on a log con-
figuration request message; performing an MDT accord-
ing to the set log environment and creating a log; and
reporting the created log. The MDT is any one of a peri-
odic MDT mode, an event triggered MDT mode, and a
mixture mode of mixedly using the periodic MDT and
the event triggered MDT, and the log configuration re-
quest message includes parameters regarding an object
of an MDT measurement, a duration of an MDT mea-
surement, a period of an MDT measurement, a log re-
port scheme, a log report period, and a time of a base
station, or a parameter regarding an occurrence of a trig-
gering event initiating an MDT measurement.
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Description

Title of Invention: METHOD FOR OBTAINING INFORMATION

[1]

[2]

[3]

[4]

[5]

[6]

IN WIRELESS COOMMUNICATION SYSTEM AND

APPARATUS THEREOF USING MDT
Technical Field

The present invention relates to wireless communication technique and, more par-
ticularly, to an apparatus and method for establishing an environment for a mini-
mization driving test (MDT).

Background Art

In order to enhance the performance of a wireless communication system, a wireless
communication network must consider throughput, frequency efficiency, mobility,
coverage, and a multimedia broadcast/multimedia service (MBMS) all the time. The
respective factors affecting the wireless communication network have been greatly
changed according to an advancement of a wireless communication technique.

For example, a wireless communication system generally uses a single bandwidth for
data transmission, and respective mobile communication generation use different
bandwidths. For example, a 2nd-generation wireless communication system uses a
bandwidth of 200 KHz to 1.25 MHz, a 3rd-wierless communication system uses a
bandwidth of 5 MHz to 10 MHz. In order to support an increasing transmission
capacity, recently, LTE (Long Term Evolution) or IEEE 802.16m continue to extend
their bandwidth to 20 MHz or even higher.

Thus, it may be requisite to increase the bandwidth to enhance transmission capacity,
but it is not easy to allocate frequency of a large bandwidth due to insufficient
frequency resources, except for some areas globally.

For an effective mobile communication system operation, service provides must
consider various conditions according to an environment. Namely, service providers
must consider how to use insufficient frequency resources as mentioned above, how
large a cell radius is to be in establishing a base station, how much frequency re-
quirements of cells are to be, or the like,

In order to effectively operate a system while maintaining high QoS (Quality of
Service), service providers may need to recognize a coverage environment of a
network, e.g., a call quality state within a cell or a signal transmission and reception

state of each area.
Disclosure of Invention

Technical Problem
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Therefore, an object of the present invention is to provide an apparatus and method
for effectively measuring radio call coverage and radio call quality of mobile commu-

nication.
Another object of the present invention is to provide an apparatus and method for ef-

fectively measuring radio call coverage and radio call quality without measuring call
quality within traffic coverage while directly moving.

Another object of the present invention is to provide an apparatus and method for ac-
curately and specifically measuring radio call coverage and radio call quality.

Another object of the present invention is to provide an apparatus and method for ef-
fectively controlling an MDT (Minimization Driving Test) procedure even when
handover is performed.

Another object of the present invention is to provide an apparatus and method for
controlling performing of an MDT when handover is performed to thus preventing

power consumption and a waste of a memory.

Solution to Problem

According to an aspect of the present invention, there is provided a method for
collecting information using an MDT (Minimization Driving Test) procedure in a
wireless communication system, including: transmitting a log configuration request
message for an MDT; and requesting a log report.

The log configuration request message may include an MDT configuration
parameter, and the MDT configuration parameter may include parameters regarding at
least one of an object of an MDT measurement, a duration of an MDT measurement, a
period of an MDT measurement, a log report scheme, a log report period, and a time of
a base station.

The MDT configuration parameter included in the log configuration request message
may include a parameter regarding an occurrence of a triggering event initiating an
MDT measurement.

The method may further include: determining whether or not an MDT configuration
is required to be changed, after the log configuration request message is transmitted,
wherein when it is determined that the MDT configuration is required to be changed, a
new MDT configuration parameter is configured and transmitted.

According to another aspect of the present invention, there is provided a method for
collecting information using an MDT (Minimization Driving Test) in a wireless com-
munication system, including: setting a log environment based on a log configuration
request message; performing an MDT according to the set log environment and
creating a log; and reporting the created log.

The MDT may be any one of a periodic MDT mode, an event triggered MDT mode,
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and a mixture mode of mixedly using the periodic MDT and the event triggered MDT.

The method may further include: determining whether or not an MDT mode is
required to be changed, before the log is reported, wherein when it is determined that
the MDT mode is required to be changed, the MDT mode is changed and each step of
the information collecting method is performed according to the changed MDT mode.

The log configuration request message may include an MDT configuration
parameter, and the MDT configuration parameter may include parameters regarding at
least one of an object of an MDT measurement, a duration of an MDT measurement, a
period of an MDT measurement, a log report scheme, a log report period, and a time of
a base station.

The MDT configuration parameter included in the log configuration request message
may include a parameter regarding an occurrence of a triggering event initiating an
MDT measurement.

According to another aspect of the present invention, there is provided a method for
processing an MDT (Minimization Driving Test) by a source base station (BS) when
handover is performed in a wireless communication system, including: when it is de-
termined that handover is required based on a measurement report received from a user
equipment (UE) performing an MDT, transmitting a first MDT message regarding an
MDT to a target BS; determining whether to continue the MDT in a target BS based on
a second MDT transmitted by the target BS in response to the first message; and
transmitting a third MDT message to the UE based on the determination.

The first MDT message may include at least one of the MDT information of the
source BS and an indicator indicating whether or not the MDT can be performed.

The MDT information of the source BS may include at least one of MDT version/
release information of the source BS, information regarding a time of the source BS,
information regarding a period during which a log is ongoing, information regarding a
log period/interval, information regarding an area in which an MDT measurement is
performed, information regarding a PLMN (Public Land Mobile Network) ID
available for an MDT, information regarding a list of MDT triggering events, and in-
formation regarding an MDT triggering event type.

The second MDT message may include at least one of MDT information of the target
BS and an indicator indicating whether or not the MDT can be performed.

The MDT information of the target BS may include at least one of MDT version/
release information of the target BS and MDT reconfiguration information according
to MDT configuration of the target BS. The MDT reconfiguration information may
include at least one of information regarding a time of the target BS, information
regarding a period during which a log is processing, information regarding a log

period/interval, information regarding an area in which an MDT measurement is
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performed, information regarding a PLMN (Public Land Mobile Network) ID of a
target cell, information regarding a list of MDT triggering events, and information
regarding an MDT triggering event type.

The third MDT message may include at least one of information indicating whether
the target BS performs an MDT and MDT reconfiguration information according to an
MDT configuration of the target BS.

The MDT reconfiguration information may include at least one of information
regarding a time of the target BS, information regarding a period during which a log is
processing, information regarding a log period/interval, information regarding an area
in which an MDT measurement is performed, information regarding a PLMN (Public
Land Mobile Network) ID of a target cell, information regarding a list of MDT
triggering events, and information regarding an MDT triggering event type.

The third MDT message may be identical to the second MDT message.

When the second MDT message is not received from the target BS, it may be de-
termined that the MDT has not been performed in the target cell, and the third MDT
message may be transmitted to the UE accordingly.

At least one of the step of transmitting the first MDT message, the step of de-
termining whether to perform an MDT, and the step of transmitting the third MDT
message may be performed together with a handover procedure.

According to another aspect of the present invention, there is provided a method for
processing an MDT (Minimization Driving Test) by a target base station (BS) when
handover is performed in a wireless communication system, including: checking an
MDT state based on a first MDT message including at least one of MDT configuration
information of a source BS and MDT continuation request received from the source
BS; and transmitting a second MDT message including at least one of information
regarding whether to continue the MDT and MDT reconfiguration information based
on the MDT state check.

When the target BS cannot process the first MDT message received from the source
BS, it may not transmit the second MDT message.

At least one of the step of checking the MDT state and the step of transmitting the
second MDT message may be performed together with a handover procedure.

According to another aspect of the present invention, there is provided a method for
processing an MDT (Minimization Driving Test) by a user equipment (UE) when
handover is performed in a wireless communication system, including: transmitting a
certain measurement report to a source base station (BS); and changing an MDT con-
figuration based on an MDT message including at least one of MDT reconfiguration
information and an indication regarding whether to continue an MDT in a target cell

received from the source BS.
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The changing of the MDT configuration may be changing of the MDT configuration
into any one of maintaining an MDT configuration, stopping the MDT, and resetting
the MDT.

According to another aspect of the present invention, there is provided a method for
collecting information using an MDT (Minimization Driving Test) in a wireless com-
munication system, including: transmitting a log configuration request message for an
MDT; requesting a log report; and receiving a log report, wherein the log report is
generated by at least one MDT mode of a periodic MDT mode and an event triggered
MDT mode, and in requesting the log report, MDT mode information indicating the at
least one MDT mode may be transferred.

The MDT mode information indicating the MDT mode may indicate changing of a
current MDT mode of the log report into a certain MDT mode, and a log report
received after the MDT mode information is transmitted may be generated by the
certain MDT mode. The certain MDT mode may be an event triggered MDT mode,
and the report may include information measured as a certain event occurs.

The log configuration request message may include an MDT configuration
parameter, and the MDT configuration parameter may include parameters regarding at
least one of an object of an MDT measurement, a duration of an MDT measurement, a
period of an MDT measurement, a log report scheme, a log report period, a time of a
base station, and an occurrence of a triggering event initiating an MDT measurement.

The method may further include: determining whether the MDT configuration is
required to be changed; and when it is determined that the MDT configuration is
required to be changed, a new MDT parameter may be configured and transmitted.

According to another aspect of the present invention, there is provided a method for
collecting information using an MDT (Minimization Driving Test) in a wireless com-
munication system, including: transmitting a log configuration request information for
an MDT; indicating changing of an MDT configuration; and receiving a log report,
wherein, in the indicating of changing of an MDT configuration, an MDT mode may
be designated as at least one of a periodic MDT mode and an event triggered MDT
mode.

The log configuration request message may include an MDT configuration
parameter, and the MDT configuration parameter may include parameters regarding at
least one of an object of an MDT measurement, a duration of an MDT measurement, a
period of an MDT measurement, a log report scheme, a log report period, a time of a
base station, and an occurrence of an event in the MDT mode and the event triggered
MDT mode.

The indicating of changing of an MDT configuration may include: transmitting a log

configuration request message including a new MDT configuration parameter or
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transmitting a new MDT configuration parameter as a separate message.

According to another aspect of the present invention, there is provided a method for
transmitting information using an MDT (Minimization Driving Test) in a wireless
communication system, including: setting a log environment based on an MDT con-
figuration parameter included in a log configuration request message; performing an
MDT and creating a log according to the set log environment; and transmitting a log
report regarding the created log, wherein the MDT may be performed by any one of a
periodic MDT mode, an event triggered MDT mode, and a mixture mode of mixedly
using the periodic MDT and the event triggered MDT, and the MDT mode may be
changed according to an MDT mode indication or an occurrence of a certain event.

The MDT mode indication may be included in the log configuration request message
or may be received through a separate message, and when the MDT mode indication
indicates the periodic MDT mode, a current MDT performing mode may be changed
into the periodic MDT mode in which a measurement regarding an MDT is peri-
odically performed, when the MDT mode indication indicates the event triggered MDT
mode, the current MDT performing mode may be changed into the event triggered
MDT mode in which a measurement regarding an MDT is performed when a certain
event occurs, and when the MDT mode indication indicates the mixture mode, the
current MDT performing mode may be changed into the mixture mode in which the
periodic MDT mode and the event triggered MDT mode are performed together.

The information regarding a certain event for changing the MDT mode may be
included in the MDT configuration parameter included in the log configuration request
message.

The log configuration request message may include the MDT configuration
parameter, and the MDT configuration parameter may include parameters regarding at
least one of an object of an MDT measurement, a duration of an MDT measurement, a
period of an MDT measurement, a log report scheme, a log report period, a time of a
base station, the MDT mode, an occurrence of an event in the event triggered MDT
mode, and an occurrence of an event for changing the MDT mode.

According to another aspect of the present invention, there is provided an apparatus
for collecting information, including processor configuring MDT (Minimization
Driving Test) parameter and log configuration request for MDT and RF (Radio
Frequency) unit transmitting the log configuration request and log report request, and
receiving log report, wherein the log report is generated by at least one MDT mode of
a periodic MDT mode and an event triggered MDT mode, and the log report request
includes MDT mode information indicating the at least one MDT mode.The processor
configures change request for changing MDT configuration and transmitting the

change request through the RF unit, and the change request indicates one of the
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periodic MDT mode and the event triggered MDT mode.
[48] According to another aspect of the present invention, there is provided an aparatus

for transmitting information, including processor setting a log environment based on an
MDT (Minimization Driving Test) parameter and creating a log with MDT and RF
(Radio Frequency) unit transmitting a log report regarding the created log, wherein the
MDT is performed by any one MDT mode of a periodic MDT mode, an event
triggered MDT mode, and a mixture mode of mixedly using the periodic MDT and the
event triggered MDT, and the MDT mode is changed according to an MDT mode in-

dication or an occurrence of a certain event.

Advantageous Effects of Invention

[49] According to an embodiment of the present invention, wireless call coverage and
wireless call quality of mobile communication can be effectively measured.

[50] According to an embodiment of the present invention, wireless call coverage and
wireless call quality can be effectively measured without directly measuring call
quality while moving traffic coverage.

[51] According to an embodiment of the present invention, an MDT (Minimization
Driving Test) can be effectively controlled even when handover is performed, and
power consumption and a waste of a memory of a user equipment (UE) can be

prevented.

Brief Description of Drawings

[52] FIG. 1 is a schematic conceptual view showing a driving test.

[53] FIG. 2 is a schematic conceptual view showing a minimization driving test (MDT).

[54] FIG. 3 is a flow chart schematically explaining an MDT configuration method.

[55] FIG. 4 is a schematic conceptual view explaining an example of forming a log in a
periodic MDT.

[56] FIG. 5 is a flow chart schematically explaining a method for configuring an event
triggered MDT.

[57] FIG. 6 is a schematic conceptual view explaining an example of creating a log in a
mixture scheme using both a periodic scheme and an event triggered scheme.

[58] FIG. 7 is a flow chart schematically explaining an operation of a network with
respect to an MDT measurement.

[59] FIG. 8 is a flow chart schematically explaining an operation of a UE with respect to
an MDT measurement.

[60] FIG. 9 is a flow chart schematically explaining performing of an MDT control

procedure together with a handover preparation procedure performed between a source
base station and a target base station in a system to which the present invention is

applied.
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FIG. 10 is a flow chart schematically explaining performing of an MDT control
procedure together with a handover procedure performed between a UE and a source
base station in a system to which the present invention is applied.

FIG. 11 is a flow chart schematically explaining MDT controlling performed by a
source base station when a handover procedure is performed in a system to which the
present invention is applied.

FIG. 12 is a flow chart schematically explaining MDT controlling performed by a
target base station when a handover procedure is performed in a system to which the
present invention is applied.

FIG. 13 is a flow chart schematically explaining MDT controlling performed by a
UE when a handover procedure is performed in a system to which the present
invention is applied.

FIG. 14 is a schematic block diagram of a wireless communication system in which

an embodiment of the present invention is implemented.

Mode for the Invention

Embodiments of the present invention will now be described in detail with reference
to the accompanying drawings. It should be understood that, in applying reference
numerals to constituents of each drawing, although the same constituents are shown on
different drawings, they are denoted by the same reference numbers as possible. In de-
scribing the present invention, if a detailed explanation for a related known function or
construction is considered to unnecessarily divert the gist of the present invention, such
explanation will be omitted but would be understood by those skilled in the art.

A user equipment (UE) may be mixed or mobile, and may be called by other names
such as MS (UE), UT (User Terminal), SS (Subscriber Station), MT (Mobile
Terminal), wireless device, or the like.

A base station (BS) refers to a fixed station communicating with a UE, and may be
called by other names such as eNB (evolved-NodeB), BTS (Base Transceiver System),
access point, or the like.

One or more cells may exist in one BS. Here, cells should be interpreted to have a
comprehensive meaning indicating a partial area covered by a BS, and compre-
hensively include various coverage areas such as a mega-cell, a macro-cell, a micro-
cell, a pico-cell, a femto-cell, a relay, or the like.

An interface for user traffic or control traffic transmission may be used between BSs.
The BSs may be connected through an X2 interface.

A UE measures communication quality of a serving cell currently providing a service
and that of neighbor cells around the serving cell, continuously or at every particular

point in time.



WO 2012/047070 PCT/KR2011/007462

[72]

[73]

[74]

[75]

[76]

[77]

[78]

9

The UE may use measurement values regarding a communication environment of a
network in order to construct and operate a network system.

In general, in establishing a wireless communication network, a network provider
optimizes a network such as a BS, a cell environment, or the like, by checking wireless
call quality, whether or not a UE is out of range (or out of service zone) in relation to a
cell radius, a coverage hold, or the like. For example, the UE may recognize the
strength of a BS signal to recognize a call available location, or recognize a location in
which the UE can hardly perform call communication due to attenuation of signals, or
the like, and effectively cope with the situation. Or, the UE may recognize a shadow
area in which the UE cannot perform call communication and use a measurement value
of communication quality including signal strength of a BS in order to take measure to
resolve the problem.

FIG. 1 is a schematic conceptual view showing a driving test of measuring wireless
call quality and/or coverage, or the like, by using a vehicle. A network provider, or the
like, moves within traffic coverage, i.e., a cell of a constructed BS 500 by using a
vehicle 510.

As shown by a moving path 520 of the vehicle 510, the vehicle 510 collects call
quality of the corresponding area by using a UE, or the like, mounted therein while
passing through every place as possible within the cell. Call quality within the cell
varies due to various factors such as the disposition of a building 530 or a geographical
height, or the like, within the cell. For example, there may be areas 540 and 550 in
which a call is available, and there may be a call shadow area 560. In addition, even
among the call available areas, the area 540 may have good call quality while the area
550 may have bad call quality.

In general, call quality may differ according to the distance to the BS 500. For
example, since the area 540 having good call quality is closer to the BS 500 than the
area 550 having bad call quality does, so the area 540 may be anticipated to have better
call quality in terms of transmission power. However, as mentioned above, call quality
or a call state is affected by various factors. When a geographical affect such as the
building 530, or the like, is considered, actual call quality of each area may be different
from expectation. For example, although the area 560 is situated between buildings and
is not distant from the BS, it may be a call shadow area.

Thus, in order to actually optimize the network, specific information regarding a
communication environment within a network is required. To this end, however,
making a driving test on every required place within the cell requires a great amount of
time and labor force.

Thus, a method for measuring quality with respect to a communication environment

within a network without measuring call quality while directly in motion in every
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possible area within the cell through a vehicle, or the like, may be considered. Namely,
a scheme (minimization driving test (MDT)) of measuring call quality within a
network while minimizing a driving test may be considered.

FIG. 2 is a schematic conceptual view showing measurement of a communication en-
vironment, e.g., wireless call quality and/or coverage, or the like, of a network by using
the MDT.

Measuring call quality within the cell while directly moving in a vehicle, or the like,
is minimized and a wireless communication environment and a coverage situation are
checked through communication quality at several locations within the cell which is
reported and measured by each UE. By utilizing the values measured by UEs scattered
in various areas, an area in which a UE can perform call communication, an area in
which a UE can hardly perform call communication due to a signal attenuation, or the
like, or an area in which a UE cannot perform call communication, or the like, within
the cell can be easily recognized, like an actual driving test.

With reference to FIG. 2, in order to measure wireless call quality, a plurality of UEs
600 scattered in the cell can be used, so the measurement vehicle 510 may move only
along a minimum path 520.

Besides the measurement performed by the vehicle 510, measurement of a wireless
environment is performed by a plurality of UEs at several locations within the cell.
Each of the UEs may measure the wireless environment according to a current location
according to an MDT configuration.

Here, information obtained by measuring the wireless environment by each UE for
the MDT is called log. A UE may continuously accumulate whenever it measures a
state of the wireless communication environment, and store it in the form of a new log.
A UE may transmit information indicating that the UE currently has a log accumulated
by performing MDT, to a network or a BS. When the UE receives information
regarding the log from the network or the BS, the UE may transmit the corresponding
log information to the corresponding network or the BS.

FIG. 3 is a flow chart schematically explaining a method for configuring an MDT.
The network configures an MDT configuration parameter (S710). Here, the network
has a concept including all of a UTRAN of 3GPP of a BS (eNB) or a higher entity of
the BS, an E-UTRAN of LTE, a UMTS of WCDMA, or the like, rather than a simple
network or a core network. Hereinafter, in the present disclosure, the network may be
used as a concept including all of a UTRAN of 3GPP of a BS (eNB) or higher then the
BS, an E-UTRAN of LTE, a UMTS of WCDMA, or the like, rather than a simple
network or a core network. Thus, the BS may configure the MDT configuration
parameter or an entity higher than the BS may configure the MDT configuration

parameter.
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The MDT configuration parameter configured in the network may include an object
of an MDT measurement, a duration of an MDT measurement, a period of an MDT
measurement, a log report scheme, a log report period, a time of a base station, and the
like.

In order to obtain information regarding a communication state or call quality of the
network, the network may set an object to be measured by the UE through the
parameter regarding an object of an MDT measurement. The object of an MDT mea-
surement may be limited to signal quality of a serving cell or may be set to include
even signal strength of a signal transmitted from a BS of a neighbor cell as necessary.

The network may set a duration in which an MDT measurement is made and a mea-
surement period in the corresponding measurement duration through the parameter
regarding the duration and period of the MDT measurement. In this connection, it may
be such that an MDT measurement is performed in a certain duration and then
terminated, or it may be set such that the MDT measurement is performed in a certain
duration at every certain time periodically.

The network may set a scheme of transferring the results of the MDT measurement
from the UE to the network through the parameter regarding a log report scheme. As
for the report of log information, when the network requests the UE to report the log,
the UE may report the log information to the network. The UE may transmit in-
formation indicating that the UE currently has a log accumulated by performing the
MDT to the network or the BS. After recognizing the state of the log of the UE
received from the UE, the network may request the UE to report the log. Also, even
without an explicit request from the network, the UE may report the log information to
the network when a certain time has lapsed after the MDT measurement was started.
Also, the UE may report the log information at every certain time periodically.

When it is set such that the log information is reported at every certain time, the
network may set a report period of the log information through the parameter regarding
a log report period. In this case, the network may perform an MDT on each of the
foregoing MDT measurement objects and may set a report period of log information
such that it is different for each of the MDT measurement objects. Also, the network
may set such that a log regarding some of the foregoing MDT measurement objects is
periodically reported and a log regarding some other of the foregoing MDT mea-
surement objects is reported only when there is an explicit request from the network.

The network may set a reference time regarding the MDT measurement value
through the parameter regarding a time of a BS.

Here, some parameters related to the MDT configuration have been described, but
the parameters regarding the MDT configuration may be variably configured according

to the necessity of network optimization, in addition to the foregoing parameters. For
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example, in relation to the log report scheme, it is set such that a log is reported only
when there is an explicit log report request from the network, but a parameter
regarding how to handle the logs accumulated in the interim if there is no explicit
request from the network may also be set. Also, the existing MDT configuration
parameter may be corrected or deleted, or a new MDT configuration parameter may be
added to the existing MDT configuration parameter.

The BS includes the MDT configuration value in a log configuration request message
and transmits the same to the UE (S720). The log configuration request message
includes relevant information required for the UE to perform the MDT measurement.
The log configuration request message may include an indicator for initiating an MDT
measurement. Also, the log configuration request message may be an indicator for
initiating an MDT measurement.

The log configuration request message may be configured according to MDT con-
figuration parameters such as an object of an MDT measurement, a duration of an
MDT measurement, a period of an MDT measurement, a log report scheme, a log
report period, a time of a BS, and the like.

The UE may receive the log configuration request message from the BS and
configure a log environment according to the MDT configuration (S730).

When log information is required, the network may request log information from the
UE (S740). Upon receiving the log information request from the network, the UE may
create a log information report based on the created log (S750). Or, the UE may be in a
state in which it logs according to the log configuration request message and stores a
finally obtained log, and in this state, the UE may use the stored log information im-
mediately as a log information report. Subsequently, the UE may transfer the created
log information report to the network (S760). Here, it is described that the UE transfers
the log report to the network only when there is a log information request from the
network, but the present invention is not limited thereto and the UE may report log in-
formation to the network although there is no explicit log information request from the
network according to pre-set conditions.

The MDT may be classified into an IMDT (Immediate MDT) and an LMDT
(Logged MDT) according to a mode in which a measurement is performed. In both of
the IMDT and the LMDT, the UE receives an MDT configuration in an
RRC_CONNECTED mode. Or, some MDT configurations may be transmitted through
SI (System Information).

Regarding measurement, in case of the IMDT, the UE in the RRC_CONNECTED
mode performs measurement according to the MDT configuration at a certain period.
Also, the UE in the RRC_CONNECTED mode may perform measurement when a

triggering event occurs according to a BS’s instruction or as predetermined.
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The UE logs the measurement results. For example, the UE may log when an RLF
(Radio Link Failure) occurs. The UE may transfer information indicating that the UE is
in a state of being able to report the log, to the BS, accordingly, the BS can recognize
that the corresponding UE is in a state of being able to report MDT. The BS may
request the UE to report the MDT.

In case of the IMDT, the BS may include a message requesting an MDT report along
with the forgoing channel information in a message requesting information regarding
measurement generally performed by the UE. Upon receiving the MDT report request
message, the UE transmits an MDT report message to the corresponding BS based on
the measured log. Also, in case of the event triggered MDT, when a corresponding
event occurs, the UE may perform measurement regarding an MDT and immediately
report the measurement results to the BS.

Regarding measurement, in the case of the LMDT, the UE performs measurement in
an RRC_IDLE mode. The UE in the RRC_IDLE mode may perform measurement at
every certain period according to an MDT configuration. For example, the UE may
wake up at every certain period, namely, at every period set by certain multiples of a
period ‘On Duration” of DRX to perform measurement according to the MDT con-
figuration. Also, when a triggering event occurs according to a BS’s instruction or as
predetermined, the UE may perform measurement. After performing measurement
according to the MDT configuration, the UE logs the measurement results. The UE in
the RRC_IDLE mode may access a cell through, for example, a cell selection/res-
election process. Here, the UE may transfer information indicating that the UE isin a
state of being able to report the log, to the BS through the cell accessing process, and
accordingly, the BS can recognize that the corresponding UE is in a state of being able
to report MDT. The BS may request the UE to report the MDT. The BS may include a
message requesting the MDT report in an information request message and transmit
the same. Upon receiving the MDT report request message, the UE transmits the MDT
report message to the corresponding BS based on the log.

Also, the MDT may be classified into a periodic MDT and an event triggered MDT
according to a method in which measurement is performed.

FIG. 4 is a schematic conceptual view explaining an example of forming a log in the
periodic MDT.

With reference to FIG. 4, the UE performs measurement on a network commu-
nication environment at every measurement point in time T,~Ts according to an MDT
measurement period Ty in an MDT measurement duration T,,. The MDT measurement
duration and/or MDT measurement period may be configured as configuration pa-
rameters of the periodic MDT by the network.

In the example of FIG. 4, the MDT measurement period Ty, is set as a multiple of
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DRX cycle T. In order to reduce power consumption in a UE reception circuit, the
LTE, or the like, supports DRX (Discontinuous Reception) and this corresponds to a
CPC (Continuous Packet Connectivity) function of HSPA, or the like. When the DRX
cycle is designated, the UE observes downlink control signaling in a single subframe
per DRX cycle, and maintains a sleep mode in other subframes. In the periodic MDT,
the DRX cycle may be utilized as a reference of setting the MDT measurement period.

The UE measures a network communication environment, or the like, according to
the MDT configuration and creates a log, measurement information. The log is con-
tinuously accumulated at every measurement and stored in a new log form in the UE.
As shown in an example of a log illustrated in FIG. 4, a log number according to a
measurement point in time may be indicated in a log in order to identify the log, and
the log may include a measured wireless communication environment value, a time
stamp with respect to a measurement time, measurement location information, or the
like. Here, it is described that the log includes the measurement value with respect to a
wireless communication environment, the time stamp, and the location information,
but the present invention is not limited thereto and each log may include various types
of information as necessary.

As described above, in the case of the periodic MDT, the UE measures network com-
munication quality according to a pre-set period in a pre-set duration and creates/
stores/manages a log.

Along with such a periodic MDT, in order to more accurately recognize call quality
within the cell, a method of using an MDT triggered by an event may be considered.

FIG. 5 is a flow chart schematically explaining a method for configuring an event
triggered MDT.

A network configures a scheme of an event triggered MDT (S910). Here, the
network has a concept including all of a UTRAN of 3GPP of a BS (eNB) or a higher
entity of the BS, an E-UTRAN of LTE, a UMTS of WCDMA, or the like, rather than a
simple network or a core network. Thus, a parameter related to the MDT configuration
may be configured by the BS or a higher entity of the BS. The network may separately
configure the event triggered MDT discriminated from the periodic MDT, or may
configure the event triggered MDT through configuration of the periodic MDT.

The parameter configured for the event triggered MDT may include information
regarding a type of a triggering event. Also, the parameter configured for the event
triggered MDT may include information regarding a log creation and/or log in-
formation report, or the like.

There may be various triggering events with respect to the MDT measurement, and
the network may select a desired triggering event as necessary from among the various

triggering events. For example, events which may be used by the event triggered MDT
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may be a case in which location information of the UE is updated, a case in which a
network state measured by the UE is changed, a case in which an operation of the UE
or an operation of the BS fails, or the like.

The network includes the event triggered MDT configuration parameter in a log con-
figuration request message and transmits the same to the UE (5920). The log con-
figuration request message may include an indicator for initiating the an event
triggered MDT measurement. Also, the log configuration request message may be an
indicator for initiating the event triggered MDT measurement. Here, it is described that
the event triggered MDT configuration parameter is included in the log configuration
request message and transmitted, but the event triggered MDT configuration parameter
may be included in a message other than the log configuration request message and
transmitted to the UE. Also, the network may configure a message including only the
event triggered MDT configuration parameter and transmit the same to the UE. When
transmitting the event triggered MDT configuration parameter, the BS may provide in-
formation regarding the transmission to the UE through a separate notification.

The UE may configure a log environment based on the message received from the
BS (S930). When the received message includes only the event triggered MDT con-
figuration parameter, the UE may configure a log environment based on the event
triggered MDT configuration. When the received message is, for example, a log con-
figuration request message and includes the parameter regarding the event triggered
MDT configuration, the UE may configure a log environment based on the event
triggered MDT configuration as well as configure a log environment based on the
MDT configuration of the log configuration request message.

When log information is required, the network may request the log information from
the UE (5940). Upon receiving log information request from the network, the UE may
create a log report based on a created log (S950). Subsequently, the UE transfers the
created log report to the network (S960). The log report may be final log information
stored through the configured log.

Here, it is described that the UE transfers the log report to the network when the log
information request is received from the network, but the present invention is not
limited thereto and the UE may report the log information to the network although
there is no explicit log information request from the network, according to pre-set
conditions.

The event triggered MDT performs MDT measurement according to an occurrence
of the foregoing triggering event. When the triggering event occurs, the UE may
perform an MDT measurement and create a log according to a predetermined certain
rule or instruction. Or, when the triggering event occurs, the UE may perform an MDT

measurement and create a log only when there is an explicit request from the base
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station or the network.

Also, in the case of the event triggered MDT, when the network requests a report of
the log from the UE, the UE may report the log information to the network. Also, even
without an explicit request from the network, the UE may report the log information
when a certain time has lapsed after the MDT measurement.

Meanwhile, as mentioned above, there may be various triggering events for the
network to request MDT measurement, and the network may select a desired triggering
event as necessary. Hereinafter, (1) the case in which location information of the UE is
updated, (2) the case in which a network state measured by the UE is changed, and (3)
the case in which an operation of the UE or an operation of the BS fails will be
described as examples of the triggering events.

(1) When location information of the UE is updated

A method for recognizing a location of the UE may be divided into a network-based
method and a handset-based method. A basic principle regarding a positioning scheme
of the network-based method includes TDOA (Time Difference of Arrival), AOA
(Angle of Arrival) and RF Fingerprint, and a basic principle regarding a positioning
scheme of the handset-based method includes TOA (Time of Arrival) using GPS
(Global Positioning System). Also, there is a hybrid positioning scheme combining the
basic principles of such positioning schemes.

A positioning scheme based on OTDOA (Observed TDOA), a scheme of measuring
a location by observing a relative difference in time of arrival of propagation from two
signal sources has been standardized. In LTE, a location checking scheme using LPP
(LTE Positioning Protocol) is used. In WCDMA, a location of a UE is checked by
using a UE positioning scheme.

The UE may have a connection configuration with a network, or the like, providing a
service based on position or positioning in order to receive location information or
location updating information. Here, the network may be a base station and/or a server
of a location-based server.

When location information of the UE is changed like a case in which the location of
the UE is changed according to a movement or a case in which a location information
service is newly received to obtain location information, the UE can obtain the
changed location information through the foregoing connection configuration, or the
like,

When the location information of the UE is changed, the UE may regard it as a
triggering event for MDT measurement and may perform MDT measurement. After
performing MDT measurement, the UE creates a log regarding measured information.
The log may include location information at the time of the measurement and a time

stamp.
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When the changing of the location information is considered as a triggering event,
the UE notify the network accordingly, receive a message including a parameter
regarding changing of location information as a parameter regarding event triggered
MDT configuration from the network, and perform MDT measurement.

Also, without receiving the message including a parameter regarding changing of
location information from the network, the UE may perform MDT measurement by
using the changing of location information as a triggering event. In this case, the
network may transfer only an instruction that the changing of the location information
will be used as a triggering event, instead of the parameter regarding changing of
location information, to the UE to allow the MDT measurement to be performed.

Also, in case in which location information is changed between the UE and the BS or
between the UE and the network, if there has been a certain rule or indication that the
changing of the location information will be considered as a triggering event, the UE
may obtain information regarding the changed location information and perform MDT
measurement.

(2) Measurement-based triggering event

The UE recognizes a wireless communication state such as signal strength, quality of
a signal, or the like, provided from the BS through measurement continuously during a
certain period of time or in a particular situation. Based on such a continuous signal
measurement operation performed by the UE, the UE or the network may recognize a
particular situation generated in the UE, set the particular situation as a triggering
event, performs MDT measurement, and create the measurement value as a log. Which
situation is to be considered as a triggering event may be previously set between the
UE and the network.

For example, the UE may continuously measure whether or not a triggering event has
occurred by using a DRX period. As shown in FIG. 4, when the period of measurement
regarding a triggering event is set to be a multiple of the DRX period, the UE may
determine whether or not conditions in which the triggering event has occurred are met
at every period at which the occurrence of the triggering event is checked. When it is
determined that the triggering event has occurred, the UE may generate an MDT log of
a event-triggered scheme. Here, various values such as a threshold value, an offset, or
the like, regarding a pre-set triggering event, may be used as the conditions for de-
termining the occurrence of the triggering event.

A change in a communication state of the network may be considered as a triggering
event based on measurement. Whether or not a measurement value regarding a state of
a network, or the like, measured by the UE, or the like, is smaller or greater than a
certain threshold value may be determined and utilized as the condition for an oc-

currence of a triggering event with respect to a change in the communication state of
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the network.

Hereinafter, a case in which a measurement value regarding a network state, or the
like, of a serving cell is greater than a certain threshold value, a case in which a mea-
surement value regarding a network state, or the like, of a serving cell is smaller than a
certain threshold value, and a case in which the measurement value is compared with a
measurement value of a neighbor cell and the difference is greater than a certain offset
will be described as examples of the triggering event.

- Triggering event 1: When a measurement value regarding a network state, or the
like, is greater than a certain threshold value

The case in which a measurement value measured by a UE regarding a network state,
or the like, is greater than a certain threshold value will be described as a triggering
event 1. In this case, an event type, a threshold value of a corresponding event type, a
hysteresis value of the corresponding event type, and the like, may be event triggered
MDT configuration parameters.

When the measurement value is greater than the pre-set threshold value, it may be
determined that the triggering event 1 occurs.

The triggering event 1 may be used for various cases. For example, when the event
type is a change in signal strength, signal strength may be measured through the UE on
the move and used in order to check a boundary where an area in which signal strength
is weak is changed to an area in which signal strength is greater than a certain value,
namely, in order to check a wireless communication network or coverage of a corre-
sponding cell. When the event type is a change in the signal strength, a certain signal
strength may be set as a threshold value and whether or not a triggering event has
occurred may be determined by comparing a measurement vale to the threshold value.

An event triggered MDT configuration parameter, €.g., an event type, a threshold
value of a corresponding event type, a hysteresis value of the corresponding event
type, or the like, may be configured by the network (BS or a control station), or the
like.

Triggering conditions in the triggering event 1 will be described.

(a) M, = My, or Mg > My,

Here, M; is a measurement value of a corresponding event type with respect to a
serving cell, which may be, for example, reference signal received power (RSRP) or a
reference signal received quality (RSRQ), and My, is a threshold value with respect to
the corresponding event type. In case of the triggering condition (a), when the value M,
is greater than or equal to a threshold value or when the value M; is greater than the
threshold value, it is considered that the triggering event 1 occurs.

(b) M, - Hys > M,: Event triggering starts

M; + Hys < Mp,: Event triggering terminates
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Here, M; is a measurement value of a corresponding event type with respect to a
serving cell, which may be, for example, reference signal received power (RSRP) or a
reference signal received quality (RSRQ), and My, is a threshold value with respect to
the corresponding event type. Hys is a hysteresis value with respect to the corre-
sponding event type.

In case of using the triggering condition (b), when the difference between the value
M and the hysteresis value is greater than My, the event triggering starts, and when
the sum of the value M; and the hysteresis value is smaller than My, the event
triggering terminates.

- Triggering event 2: when a measurement value regarding a network state, or the
like, is smaller than the certain threshold value.

The case in which a measurement value measured by a UE regarding a network state,
or the like, is smaller than the certain threshold value will be described as a triggering
event 2. In this case, an event type, a threshold value of a corresponding event type, a
hysteresis value of the corresponding event type, and the like, may be event triggered
MDT configuration parameters.

When the measurement value is smaller than the pre-set threshold value, it may be
determined that the triggering event 2 occurs.

The triggering event 2 may be used for various cases. For example, when the event
type is a change in signal strength, signal strength may be measured through the UE on
the move and used in order to check a boundary where an area in which signal strength
is weak is changed to an area in which signal strength is greater than a certain value,
namely, in order to check a wireless communication network or coverage of a corre-
sponding cell. When the event type is a change in the signal strength, a certain signal
strength may be set as a threshold value and whether or not a triggering event has
occurred may be determined by comparing a measurement vale to the threshold value.

An event triggered MDT configuration parameter, e.g., an event type, a threshold
value of a corresponding event type, a hysteresis value of the corresponding event
type, or the like, may be configured by the network (BS or a control station), or the
like.

Triggering conditions in the triggering event 2 will be described.

(a) M, < My, or Mg < My,

Here, M; is a measurement value of a corresponding event type with respect to a
serving cell, which may be, for example, reference signal received power (RSRP) or a
reference signal received quality (RSRQ), and My, is a threshold value with respect to
the corresponding event type. In case of the triggering condition (a), when the value M,
is smaller than or equal to a threshold value or when the value M; is smaller than the

threshold value, it is considered that the triggering event 2 occurs.
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(b) M; + Hys < My,: Event triggering starts

M - Hys > My, Event triggering terminates

Here, M; is a measurement value of a corresponding event type with respect to a
serving cell, which may be, for example, reference signal received power (RSRP) or a
reference signal received quality (RSRQ), and My, is a threshold value with respect to
the corresponding event type. Hys is a hysteresis value with respect to the corre-
sponding event type.

In case of using the triggering condition (b), when the sum of the value Ms and the
hysteresis value is smaller than My, the event triggering starts, and when the
difference between the value M, and the hysteresis value is greater than My, the event
triggering terminates.

- Triggering event 3: when a measurement value regarding a network state, or the
like, is different by a certain offset or more from a measurement value of a neighbor
cell.

The case in which a measurement value measured by a UE regarding a network state,
or the like, is different by a certain offset or more from a measurement value of a
neighbor will be described as a triggering event 2. In this case, an event type, a certain
offset value with respect to measurement values of neighbor cells regarding a corre-
sponding event type, and the like, may be event triggered MDT configuration pa-
rameters.

The triggering event 3 may be used as an event for recognizing a location, a point in
time, or the like, at which the UE performs handover from a serving cell to a neighbor
cell, and when the measurement value regarding the service cell is greater by a pre-set
certain offset than the measurement values of neighbor cells, the event may be
triggered. For example, when a measurement value of the neighbor cell regarding a
network state, or the like, e.g., a measurement value of the neighbor cell regarding
strength of a radio signal, measured by the UE on the move is greater than that of the
current serving cell, the event may be triggered.

An event triggered MDT configuration parameter, €.g., an event type, a certain offset
value with respect to measurement values of neighbor cells regarding a corresponding
event type, or the like, may be configured by the network (a BS or a control station), or
the like.

Triggering conditions in the triggering event 3 will be described.

(a) M, > M, + Offset or M, > M, + Offset

Here, M; is a measurement value of a corresponding event type with respect to a
serving cell, which may be, for example, reference signal received power (RSRP) or a
reference signal received quality (RSRQ), and M, is a measurement value of a

neighbor cell with respect to the same event type as that of M. Also, Offset is a certain
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offset value with respect to a corresponding event type. In case of the triggering
condition (a), when the value M, is greater by an offset or more than the value M; or
equal to, or when the value M, is greater by the offset than the value My, it is
considered that the triggering event 3 occurs.

(b) M, - Hys > M+Offset: Event starts

M, + Hys < M+Offset: Event terminates

Here, M; is a measurement value of a corresponding event type with respect to a
serving cell, which may be, for example, reference signal received power (RSRP) or a
reference signal received quality (RSRQ), and M, is a measurement value of a
neighbor cell with respect to the same event type as that of M. Also, Offset is a certain
offset value with respect to a corresponding event type and Hys is a hysteresis value
with respect to the corresponding event type.

In case of using the triggering condition (b), when the difference between the value
M, and the hysteresis value is greater than the sum of the value M; and the Offset,
event triggering starts, and when sum of the value M, and the hysteresis value is
smaller than the sum of the value M, and the Offset, event triggering terminates.

So far, the case in which the measurement with respect to a network state, or the like,
of the serving cell is greater than a certain threshold value, the case in which the mea-
surement with respect to a network state, or the like, of the serving cell is smaller than
a certain threshold value, and the case in which the measurement with respect to a
network state, or the like, of the serving cell is greater by a certain offset than a mea-
surement value of a neighbor cell have been described as examples of the triggering
events, but the triggering event which can be used in the event triggered MDT scheme
is not limited thereto, and event triggered MDT measurement can be made by using
various triggering events.

As described above, the MDT configuration scheme may be divided into a periodic
MDT scheme and an event triggered MDT scheme. When a network environment is
required to be specifically recognized according to a particular situation of a UE or a
network, the event triggered MDT scheme may be used in addition to the periodic
MDT scheme. The periodic MDT scheme and the event triggered MDT scheme may
be used alone or together. Thus, in operating the MDT scheme, the MDT mode of the
UE may be divided into the following three types of modes.

(1) Periodic scheme (Type 1)

(2) Event-triggered scheme (Type 2)

(3) Mixture scheme of periodic scheme and event triggered scheme (Type 3)

The MDT modes can be set by the network in an MDMT configuration process. The
network may transfer which MDT mode is to be set to the UE. Also, the network may

indicate changing of only a set value while maintaining the same MDT mode.
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For example, in FIG. 3 and/or FIG. 5, while configuring the MDT parameter (S710)
or setting the event triggered MDT scheme (S910), the network may select an MDT
mode and separately transfer corresponding information to the UE or include it in a log
configuration request message, or the like, and transfer the same to the UE.

Also, when the network determines that it requires to change the MDT mode during
the MDT measurement or before or after the MDT measurement, the network may
configure a new MDT configuration related parameter, include the configured new
MDT configuration related parameter in a log configuration request message, and
transmit the same to the UE.

Also, the network may configure a new MDT configuration related parameter and
separately transmit the same to the UE. Also, when a particular situation occurs or a
particular condition is met according to a certain pre-set rule or instruction, the UE
may change the MDT mode even without an explicit instruction from the network.
Here, the certain pre-set rule or instruction may be included in a first log configuration
request message and transmitted from the network to the UE, or the network may
transmit the certain pre-set rule or the instruction to the UE when the network de-
termines that a new condition or configuration is required.

The MDT mode may be any one of the classified operation modes such as a type 1:
periodic only scheme, type 2: event triggered only scheme, and a type 3: a mixture
scheme of the periodic scheme and the event triggered scheme.

Here, the network may configure information indicating any one of the three types
and separately transfers the information to the UE or may include it in an MDT mode
of a log configuration request message and transfer the same to the UE. Upon
receiving the information regarding the MDT mode, the UE may configure a log en-
vironment according to the corresponding MDT mode (Refer to S730 and S930), and
perform MDT measurement.

The foregoing three types of MDT modes may be newly set as necessary, or may be
interchanged during the MDT measurement or before or after the MDT measurement.

MDT measurement may be changed to Type 3 while the MDT measurement is being
made according to Type 1 or before or after the MDT measurement. While continuing
the MDT measurement according to the periodic MDT configuration, the UE may
perform MDT measurement when a certain triggering event occurs.

MDT measurement may be changed to Type 1 while the MDT measurement is being
made according to Type 2 or before after the MDT measurement. The UE may
terminate the event triggered MDT configuration and perform MDT measurement
according to the periodic MDT configuration.

MDT measurement may be changed to Type 3 while the MDT measurement is being

made according to Type 2 or before after the MDT measurement. The UE may
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perform MDT measurement when a triggering event occurs according to the event
triggered MDT configuration, and may perform MDT measurement according to the
periodic MDT configuration.

MDT measurement may be changed to Type 1 while the MDT measurement is being
made according to Type 3 or before after the MDT measurement. The UE may
terminate the event triggered MDT configuration and the periodic MDT configuration
and perform MDT measurement according to a new periodic MDT configuration.
Also, the UE may terminate only the event triggered MDT configuration, and perform
MDT measurement while maintaining only the periodic MDT configuration. A new
periodic MDT configuration may be the same as the existing periodic MDT con-
figuration. A new periodic MDT configuration may be different from the existing
periodic MDT configuration.

MDT measurement may be changed to Type 2 while the MDT measurement is being
made according to Type 3 or before after the MDT measurement. The UE may
terminate the event triggered MDT configuration and the periodic MDET con-
figuration and may perform MDT measurement according to the new event triggered
MDT configuration. Also, the UE may terminate only the periodic MDT configuration,
and perform MDT measurement while maintaining only the event triggered MDT con-
figuration. The new event triggered MDT configuration may be different from the
existing event triggered MDT configuration.

Here, the case in which the MDT mode is changed, namely, the case in which the
MDT type is changed, has been described, but only the MDT configuration may be
changed while the same type is maintained.

FIG. 6 is a schematic conceptual view explaining an example of creating a log in a
mixture scheme using both a periodic scheme and an event triggered scheme.

With reference to FIG. 6, the UE performs measurement on a network commu-
nication environment according to configuration of a periodic MDT at every mea-
surement point in time T;~Ts according to an MDT measurement period Ty; in an MDT
measurement duration T,,. The measurement duration of the periodic MDT and/or the
measurement period of the MDT may be variably configured as configuration pa-
rameters as necessary. The measurement period or measurement duration of the
periodic MDT may be variably set as necessary, and in the example of FIG. 10, the
measurement period Ty of the periodic MDT is set to be a multiple of DRX cycle T..

The UE may measure a network communication environment, or the like, according
to the MDT configuration and create a log, measurement information. The log is con-
tinuously accumulated at every measurement and stored in a new log form in the UE.
As shown in an example of a log illustrated in FIG. 6, a log may include a measured

wireless communication environment value, a time stamp with respect to a mea-
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surement time, measurement location information, or the like, along with a log number
for identifying each log in measurement. Here, it is described that the log includes the
measurement value with respect to a wireless communication environment, the time
stamp, and the location information, but the present invention is not limited thereto and
each log may include various types of information as necessary.

When an event is triggered, the UE may measure a network communication en-
vironment according to the event triggered MDT configuration and create a corre-
sponding log. The log may be differently configured according to types of events, or
the like. For example, when a triggering event is changing of location information of
the UE, a log with respect to the event triggered MDT may include location in-
formation of the UE and a time stamp at the time of measurement as illustrated.

The log with respect to the periodic MDT and the log with respect to the event
triggered MDT may be created/stored/managed/reported, or the like, according to
different configurations, respectively, in the UE. Also, the UE may create/
store/manage/report, or the like, the log with respect to the periodic MDT and the log
with respect to the event triggered MDT according to partially or entirely same con-
figuration as necessary. For example, in the case of the periodic MDT, the UE may
report the log information to the network when there is an explicit report request from
the network, and in the case of the event triggered MDT, the UE may report log in-
formation to the network when a certain condition is met even without an explicit
report request from the network. Also, in the case of the event triggered MDT, when
there is an explicit report request from the network, the UE report the log information
to the network, and in the case of the periodic MDT, the UE may report the log in-
formation to the network when a certain condition is met even without an explicit
report request from the network.

FIG. 7 is a flow chart schematically explaining an operation of a network with
respect to an MDT measurement.

A network configures an MDT configuration parameter (S1110). In the case of the
periodic MDT, the MDT configuration parameter may include information regarding
an object of MDT measurement, a duration of MDT measurement, a period of MDT
measurement, a log report scheme, a log report period, a time of a BS, or the like.
Also, in the case of the event triggered MDT, the MDT configuration parameter may
include information regarding a type of a triggering event, a log creation and/or
location information report, or the like.

The network transmits a log configuration request message including the MDT con-
figuration parameter (S1120). The network may determine whether or not an MDT
mode is required to be changed during the MDT measurement or before or after the
MDT measurement (S1130). When the network determines that the MDT mode is
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required to be changed, the network instructs the UE to change the MDT mode
(S1140). In order to instruct the changing of the MDT mode, the network may create a
new log configuration request message and transmit the same, or may transfer a
separate message to the UE.

In relation to the changing of the MDT mode, as for the changed MDT configuration,
a new MDT configuration parameter may be configured by the network, included in a
log configuration request message, and then transmitted to the UE. Also, a new MDT
configuration parameter may be configured by the network and transmitted to the UE
separately from the log configuration request message. Besides, the UE may change
the MDT configuration according to a certain pre-set rule or instruction. Here, the
certain per-set rule or instruction may be included in the first log configuration request
message and transmitted to the UE from the network, or may be transmitted to the UE
when the network determines that a new condition or configuration is required.

Here, it is described that the network determines whether or not the MDT mode is
required to be changed and the instruction of changing the MDT mode is transferred to
the UE, but the present invention is not limited thereto and the network may perform
MDT measurement through one MDT mode.

After the MDT measurement is completed or while the periodic MDT measurement
is being performed, the network may request a log report from the UE (S1150), and
when the UE transmits a log report in response to the log report request, the network
receives the log report (S1160). Here, it is described that the network explicitly
requests the log report from the UE, and receives it, but the present invention is not
limited thereto and the network may receive the log report from the UE when a certain
condition is met according to a predetermined rule or instruction without having to
transfer the explicit log report request to the UE.

FIG. 8 is a flow chart schematically explaining an operation of a UE with respect to
an MDT measurement.

The UE receives a log configuration request message from the network (S1210). In
the case of the periodic MDT, the MDT configuration parameter may include in-
formation regarding an object of MDT measurement, a duration of MDT measurement,
a period of MDT measurement, a log report scheme, a log report period, a time of a
BS, or the like. Also, in the case of the event triggered MDT, the MDT configuration
parameter may include information regarding a type of a triggering event, a log
creation and/or location information report, or the like.

The UE configures a log environment according to the MDT configuration parameter
(S1220). For example, the UE performs MDT measurement according to the MDT
configuration parameter and configures an environment to log it.

Subsequently, the UE may determine whether or not there is an instruction regarding
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changing of an operation mode from the network or whether or not a pre-set certain
condition regarding changing of the MDT mode is met (S1230). When the UE de-

termines that changing of the MDT mode is required, the UE may change the MDT
mode according to an instruction from the network or according to a pre-set certain
condition (S1240).

In relation to the changing of the MDT mode,

In relation to the changing of the MDT mode, as for the changed MDT configuration,
a new MDT configuration parameter may be configured by the network, included in a
log configuration request message, and then transmitted to the UE. Also, a new MDT
configuration parameter may be configured by the network and transmitted to the UE
separately from the log configuration request message. Besides, the UE may change
the MDT configuration according to a certain pre-set rule or instruction. Here, the
certain per-set rule or instruction may be included in the first log configuration request
message and transmitted to the UE from the network, or may be transmitted to the UE
when the network determines that a new condition or configuration is required.

The UE may perform MDT measurement in the corresponding MDT mode and
create/store/manage a log (S1250). When the periodic MDT and the event triggered
MDT are mixedly used, the UE may create/store/manage/report a log with respect to
the periodic MDT and a log with respect to the event triggered MDT according to
different configurations, respectively. Besides, the UE may create/store/manage/report,
or the like, the log with respect to the periodic MDT and the log with respect to the
event triggered MDT according to partially or entirely same configuration as
necessary.

After the MDT measurement and creating/storing/managing of the log, the UE may
determine whether or not the MDT mode is to be changed again (S1260). When the
UE determines that the MDT mode is to be changed, the UE changes the MDT mode
(S1240), and accordingly, the UE may perform the MDT measurement and the log
creation/storage/management again (S1250).

Here, it is described that the UE determines whether or not the MDT mode is to be
changed, and changes the MDT mode, but the present invention is not limited thereto
and the UE may perform MDT measurement while maintaining one MDT mode.

The UE receives an MDT log reporting request from the network (S1270) and
transfers an MDT log report to the network in response (S1280). Here, it is described
that the UE receives the log report request from the network and transfers the log
report to the network in response, but the present invention is not limited thereto and
the UE may transmit the log report to the network when a certain condition is met
according to a predetermined rule or instruction even without an explicit log report

request from the network.
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Meanwhile, the MDT minimizes a driving test by using the UE within a cell.
However, users continuously move along with UEs within a cell and a UE performing
MDT may get out of a corresponding cell and change a BS.

Currently, not all BSs support the MDT. Also, even if all the BSs support MDT, all
of the BSs may not support MDT with the same specification or the same scheme.

Even when the UE performing MDT gets out of the cell of the BS in which MDT is
supported, the UE may continuously perform measurement and logging according to
an MDT configuration received from the prior BS. Also, although the UE, which has
been performing MDT according to the MDT configuration of the prior BS, enters a
cell of a BS supporting different MDT from the MDT configuration of the prior BS,
the UE can continue to perform measurement and logging according to the MDT con-
figuration received from the prior BS.

If unnecessary MDT measurement is performed or if MDT measurement which does
not fit a configuration is continued, the UE would unnecessarily consume power to
cause a waste of a memory.

Thus, when the UE performs handover, it is required to control the MDT being
performed. It is required to perform the MDT measurement of the UE and/or adjust an
MDT measurement log report according to MDT performing situation of a target BS.
For example, a configuration of the UE may be changed based on whether or not the
target BS supports MDT or based on a MDT specification, or the like, to allow the UE
to adapt to the changed cell environment. Also, the specification of the currently
ongoing MDT and/or whether or not it supports the MDT of the UE, or the like, may
be transferred also to the target BS in advance, to thus change the MDT configuration
of the UE or stop unnecessary MDT performing.

MDT controlling according to handover may be performed along with a handover
process between BSs and between a UE and a BS. Here, the MDT to be adjusted may
be an MDT configured for a UE which is within a corresponding area by a higher node
or which meets a particular condition. Also, the MDT to be adjusted may be an MDT
configured for each UE through UE-specific signaling. For example, as described
above, MDT set for each UE through signaling may include a periodic MDT and an
event triggered MDT configured for each UE through signaling.

A method for controlling MDT according to handover performed between respective
objects performing handover will be described with reference to the accompanying
drawings.

<Source BS (SeNB) and target BS (TeNB) - use of handover preparation procedure>

When handover is performed between BSs, a source BS and a target BS perform
handover preparation procedure.

FIG. 9 is a flow chart schematically explaining performing of an MDT control
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procedure together with a handover preparation procedure performed between a source
BS and a target BS in a system to which the present invention is applied. Message
transmission and reception between the source BS and the target BS may be performed
through an X2 interface or may be performed through other wired/wireless channels.

The source BS receives a measurement report from a UE, and when the source BS
determines that handover is required, the source BS starts a handover preparation
procedure (S1510).

In relation to MDT controlling, the source BS transmits an MDT request message
and/or an MDT configuration message to the target BS (S1520). The MDT request
message and/or the MDT configuration message may be included in a handover
request message transmitted by the source BS to the target BS and transmitted in the
handover procedure.

The source BS may transmit an MDT request message to the target BS. The MDT
request message is a message inquiring whether or not MDT is to be performed in the
target cell. When the target BS receives the MDT request message, the target BS may
determine that the MDT has been performed in the source BS and the source BS
inquires that the MDT is to be continuously performed in the target cell. The MDT
request message may be configured, for example, as shown in Table 1 below.

Table 1

[Table 1]

{
MDT_Release_Information Information regarding MDT version or release
MDT_Available_Flag Flag regarding availability of MDT

}

In Table 1, the MDT request message includes information regarding an MDT
version or release and a flag regarding availability of MDT, but it may include in-
formation of the corresponding UE obtained by the source BS in relation to the MDT,
MDT configuration information of the UE, or the like. Upon receiving the MDT
request information, the target BS may recognize that the source BS has been currently
performing the MDT and the UE subjected to handover is a UE supporting MDT.

When the source BS transmits only the MDT request message to the target BS, ad-
ditional information required for performing MDT, e.g., an MDT configuration
message, may be transmitted by the target BS to the UE or may be obtained from the
UE.

The source BS may transmit MDT configuration information along with the MDT
request information. In this case, MDT related information may be configured as

shown in Table 2 below.
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Table 2
[Table 2]
{
MDT_Release_Information Information regarding MDT version or release
MDT_Available_Flag MDT availability
{
Absolute_Time_Information Time information of BS (cell)
Logging_Duration Log proceeding duration
Logging_Interval Log proceeding interval
Area_Configuration Log proceeding area information
Cell_Global_ID_List Log-available cell ID list

Tracking_Area_Code_List Log-available tracking area list

MDT_PLMN_ID MDT-available PLMN ID

MDT_Event_Triggered_List MDT-triggered event list

MDT_Event_Type1 MDT-triggered event type

MDT_Event_Type2 MDT-triggered event type

The MDT configuration message includes configuration information regarding the
MDT which has been performed in the source cell. For example, the MDT con-
figuration message may include a parameter regarding a time of the BS by which a
reference time for an MDT measurement and/or report can be known, a parameter
regarding a logging period, a parameter regarding a log period or log interval, a
parameter regarding an area in which MDT measurement is performed, a parameter
regarding a PLMN(Public Land Mobile Network) ID available for MDT, a parameter
regarding a list of triggering events, a parameter regarding an MDT triggering event
type, and the like. The source BS may transmit all of information in relation thereto,
transmit only required information according to the specification of the corresponding
UE, the specification of the target BS, a network state, or the like, of the target BS, or
the like, or may further include required information and transmit the same.

In the case of the event triggered MDT, the parameter regarding the list of triggering
events, which indicates information regarding corresponding triggering events,
includes a parameter regarding types of MDT triggering events. As mentioned above,
there may be various MDT triggering events, and the network may select a desired
triggering event as necessary. For example, a case in which location information of the

UE is updated, a case in which a network state measured by the UE is changed, a case
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in which an operation of the UE or an operation of the BS fails, or the like, may be
considered to be an event for which the event triggered MDT can be used.

Here, as shown in Table 2, the MDT configuration message may be transmitted
along with the MDT request message, or may be transmitted without the MDT request
message in Table 1. Only the MDT configuration message without the MDT request
message may be transmitted when the target BS can determine that there is a request
regarding MDT performing from the source BS and that the source BS is performing
MDT only with the MDT configuration message. In order to check the MDT request
message and/or MDT configuration message, requirements that the target BS must be a
version of a certain level or higher and must have a function supporting MDT, or the
like, may be required. When the corresponding requirements are not met, the target BS
may disregard the MDT request message and/or the MDT configuration message.

The target BS checks the MDT request information and/or the MDT configuration
information included in the handover request message and checks the state of MDT
performed in the source BS (S1530). Checking of the MDT state by the target BS may
be performed in a handover acceptance control step of the handover procedure.

Even after the UE changes the BS to the target BS, the target BS determines whether
or not the MDT performed in the source BS is required to be continued. The MDT may
not be required to be performed when the target BS cannot support the MDT which has
been supported in the source BS, or when the MDT is not required to be performed in a
cell environment of the target cell, or the like. Here, that the MDT is not required to be
performed means that the MDT measurement and log creation are not required to be
performed in the same configuration as the MDT configuration in the source BS .

Also, BSs supporting MDT may not support MDT with the same specification in the
same manner. Also, when an MDT performing scheme required for the cell en-
vironment of the target cell is different from that of the source BS, the MDT con-
figuration should be changed and performed. For example, if the target BS requires or
supports an MDT triggered by a particular event, while if the source BS has performed
a periodic MDT, then, the target BS may reset the MDT configuration in order to
perform an event triggered MDT. Here, the target BS may check the MDT state based
on the MDT request message and/or MDT configuration message transmitted from the
source BS, and make required preparations.

The target BS transmits an MDT availability indication message and/or an MDT re-
configuration message to the source BS based on the checking of the MDT state
(S1540). The MDT availability indication message and/or the MDT reconfiguration
message may be included in a handover request ACK message and transmitted in the
handover performing procedure.

The MDT availability indication message is an indicator regarding as to whether or
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not the target BS continues to perform the MDT. When the target BS determines to
perform the MDT, the target BS may include ACK information in the MDT
availability indication message and transmit the same. The target BS may perform the
MDT according to the MDT configuration of the source BS or may reconfigure
matters related to the MDT and then perform MDT. When the matters related to the
MDT are to be reconfigured, the target BS may include only ACK information in the
MDT availability indicator and transmit the same, or may additionally transmit a
message including MDT reconfiguration information. When the target BS includes
only the ACK information in the MDT availability indicator and transmits the same,
the required reconfiguration information may be directly transferred to the UE through
the network after the handover is completed.

When the target BS determines not to perform MDT, the target BS includes NACK
information in an MDT availability indication message and transmits the same. Also,
when the target BS cannot process MDT-related information, for example, when the
target BS disregards the MDT-related information, or the like, the target BS may
transmit the handover request ACK message without the MDT availability indication
message. In this case, the source BS may determine that the target BS does not support
MDT.

The MDT availability indication message may be configured, for example, as shown
in Table below.

Table 3
[Table 3]

{

Information regarding MDT
MDT_Release_Information _
version or release

MDT _Available_Indication [MDT availability

}

The target BS may transfer information regarding whether or not the target BS can
support MDT through information regarding an MDT version or release, and may
transfer information regarding whether or not the target BS will perform MDT through
the MDT availability flag as described above. In Table 3, the MDT availability in-
dication message includes only the information regarding the MDT version or release
and the indicator regarding MDT availability, but, for example, when the source BS
transmits an MDT-related message including UE information, the MDT availability in-

dication message may further include information regarding whether or not an MDT-
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related function of the corresponding UE is supported by the target BS and/or in-

formation regarding a required specification, or the like.

Also, the target BS may include an MDT reconfiguration message in the handover

request ACK message, or the like, and transmit the same along with the MDT

availability indication message. In this case, the MDT availability indication message

and the MDT reconfiguration message may be configured as shown in Table below.

Table 4
[Table 4]

{

MDT_Release_Information

Information regarding MDT version or
release

MDT_Available_Indication

MDT availability

{

Absolute_Time_Information

Time information of BS (cell)

Logging_Duration

Log proceeding duration

Logging_Interval

Log proceeding interval

Area_Information

Log proceeding area information

Cell_Global_ID Cell ID of target cell
Tracking_Area_Code Tracking area ID of target cell
MDT_PLMN_ID PLMN ID of target cell

MDT_Event_Triggered_List

List of MDT triggered event types
desired by target cell

MDT_Event Type1

MDT triggered event type

MDT_Event_Type2

MDT triggered event type

}

The MDT reconfiguration message includes configuration information regarding

MDT performed in or supported by the target cell. For example, the MDT con-

figuration message may include a parameter regarding a time of the BS by which a

reference time for an MDT measurement and/or report can be known, a parameter

regarding a logging period, a parameter regarding a log period or log interval, a

parameter regarding an area in which MDT measurement is performed, a parameter

regarding a PLMN(Public Land Mobile Network) ID, a parameter regarding a list of

triggering events, a parameter regarding an MDT triggering event type, and the like.

The target BS may transmit all of information in relation thereto, transmit only

required information according to the specification of the corresponding UE, the speci-
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fication of the target BS, a network state, or the like, of the target BS, or the like, or
may further include required information and transmit the same.

In the case of the event triggered MDT, the parameter regarding the list of triggering
events, which indicates information regarding corresponding triggering events,
includes a parameter regarding types of MDT triggering events. As mentioned above,
there may be various MDT triggering events, and the network may select a desired
triggering event as necessary. For example, a case in which location information of the
UE is updated, a case in which a network state measured by the UE is changed, a case
in which an operation of the UE or an operation of the BS fails, or the like, may be
considered to be an event for which the event triggered MDT can be used.

Here, the MDT reconfiguration message may be transmitted along with the MDT
availability indication message as shown in Table 4, or may be transmitted without the
MDT availability indication message as shown in Table 3. Only the MDT recon-
figuration message without the MDT availability indication message may be
transmitted when the source BS can determine that the target BS determined to
perform MDT, only by the MDT reconfiguration message.

The source BS determines whether to MDT is to be continued in the target cell based
on the MDT availability indication message and/or the MDT reconfiguration message
transmitted from the target BS (S1550). This determination may be performed along
with a handover determination in the handover procedure. When ACK information is
included in the MDT availability indication message transmitted from the target BS,
the source BS may determine that the MDT is continued in the target cell. Also, when
the target BS transmits the MDT reconfiguration message, the source BS may
determine that the MDT is continued in the target cell.

<Source BS (SeNB) and UE - Handover>

FIG. 10 is a flow chart schematically explaining performing of an MDT control
procedure together with a handover procedure performed between a UE and a source
BS.

As described above, the source BS checks whether or not the MDT will be continued
in the target cell based on the MDT availability indication message and/or the MDT re-
configuration message transmitted from the target BS (S1610). This determination may
be performed along with a handover determination in the handover procedure.

The source BS transfers the MDT availability indication message and/or the MDT re-
configuration message to the UE (S1620). The MDT availability indication message
and/or the MDT reconfiguration message transferred by the source BS to the UE may
be included in a handover command or transmitted along with the handover command
in the handover procedure. The handover command may be transferred through an

RRC message which is transmitted from a BS to a UE, e.g., an RRC retransmission
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message, or the like, to the UE.

The source BS may transmit the MDT availability indication message and/or the
MDT reconfiguration message transmitted from the target BS as it is to the UE, or may
change the MDT availability indication message and/or the MDT reconfiguration
message, such as extracting only a required portion, adding a required portion thereto,
or the like, and transmit the same to the UE. For example, when the MDT cannot be
performed in the target cell because MDT-related information has not been transmitted
from the target BS or when the source BS determines that MDT is not required to be
performed in the target cell, the source BS may include information indicating that
MDT is stopped in the MDT availability indication message, and transmit the same.

The MDT availability indication message transmitted by the source BS to the UE
may be configured, for example, as shown in Table 5 below.

Table 5
[Table 5]

{

MDT _Available_Indication MDT availability

}

The MDT availability indication message transmitted by the source BS includes in-
formation regarding whether or not MDT is available. The information regarding
whether or not MDT is available may be implemented, for example, by providing
ACK information when the MDT is continuously performed in the target cell, by
providing NACK information when the MDT cannot be performed in the target cell, or
the like. The MDT availability indication message may further include information
regarding whether or not the MDT configuration of the target BS is different from that
of the source BS, whether or not the MDT configuration is to be changed, what version
or release the target BS is of, or the like, besides the information regarding whether or
not MDT is available.

When the source BS determines that the MDT is continued in the target cell so it
transmits the MDT availability indication message to the UE, the source BS may
transmit the MDT reconfiguration message together. Here, the MDT availability in-
dication message and the MDT reconfiguration message may be configured as shown
in Table 6 below.

Table 6
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[Table 6]
{
MDT_Release_Information Information regarding MDT version or release
MDT_Available_Indication MDT availability
{
Absolute_Time_Information |Time of BS (cell)
Logging_Duration Log proceeding duration
Logging_Interval Log proceeding interval
Area_Information Log proceeding area information
Cell_Global_ID ID of target cell
Tracking_Area_Code Tracking area ID of target cell
MDT_PLMN_ID PLMN ID of target cell

_ _ List of MDT triggered event types desired by
MDT_Event_Triggered_List

target cell
MDT_Event_Type1 MDT triggered event type
MDT_Event_Type2 MDT triggered event type

As shown in Table 6, the MDT availability indication message transmitted by the
source BS to the UE may include information regarding what version or release the
target BS is of. Information regarding MDT reconfiguration is required when the MDT
is continuously performed in the target cell, so in this case, the information regarding
whether or not the MDT is available may indicate that MDT is to be continuously
performed in the target cell.

The MDT reconfiguration message includes configuration information regarding
MDT performed in or supported by the target cell. For example, the MDT con-
figuration message may include a parameter regarding a time of the BS by which a
reference time for an MDT measurement and/or report can be known, a parameter
regarding a logging period, a parameter regarding a log period or log interval, a
parameter regarding an area in which MDT measurement is performed, a parameter
regarding a PLMN(Public Land Mobile Network) ID, a parameter regarding a list of
triggering events, a parameter regarding an MDT triggering event type, and the like.
The source BS may transmit all of information in relation thereto, transmit only
required information according to the specification of the corresponding UE, the speci-

fication of the target BS, a network state, or the like, of the target BS, or the like, or
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may further include required information and transmit the same.

In the case of the event triggered MDT, the parameter regarding the list of triggering
events, which indicates information regarding corresponding triggering events,
includes a parameter regarding types of MDT triggering events. As mentioned above,
there may be various MDT triggering events, and the network may select a desired
triggering event as necessary. For example, a case in which location information of the
UE is updated, a case in which a network state measured by the UE is changed, a case
in which an operation of the UE or an operation of the BS fails, or the like, may be
considered to be an event for which the event triggered MDT can be used.

Here, the MDT reconfiguration message may be transmitted along with the MDT
availability indication message as shown in Table 6, or may be transmitted without the
MDT availability indication message as shown in Table 6. Even when only the MDT
reconfiguration message is transmitted without the MDT availability indication
message, the UE can determine that MDT will be performed in the target cell, by the
new MDT configuration included in the MDT reconfiguration message.

Upon receiving the MDT availability indication message and/or the MDT recon-
figuration message from the source BS, the UE may maintain the MDT configuration,
stop the MDT, or change the MDT configuration based on the received messages
(S1630).

As described above, when the source BS indicates that MDT is not required to be
performed through the MDT availability indication message, the MDT measurement
and/or log creation may be stopped after a completion of handover. In this case, the log
created after measurement may be transmitted to the BS, discarded, or kept in storage
according to an instruction from the network/BS.

When the source BS indicates that the MDT is continued through the MDT
availability indication message, the UE may continuously perform MDT while
maintaining the current MDT configuration.

When the MDT reconfiguration message is transmitted along with the MDT
availability indication message, or when only the MDT reconfiguration message is
transmitted, the UE may change the MDT configuration or may make preparations to
change the MDT configuration even before the completion of handover, in order to
continuously perform the MDT.

Also, even when only the indication that MDT will be continued is transmitted
through the MDT availability indication message without the MDT reconfiguration
message, the configuration of the UE may be changed according to an MDT state of
the target BS after handover to the target BS is completed.

In addition, even when the MDT reconfiguration message and the MDT availability

indication message are not transmitted to the UE, MDT controlling with respect to the
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UE may be set by an instruction of the network/BS in advance. For example, it may be
set such that the MDT configuration is maintained and the MDT is continued when
handover is performed without transmission of the MDT reconfiguration message and
the MDT availability indication message. Also, conversely, it may be set such that the
MDT performing is stopped when handover is performed without transmission of the
MDT reconfiguration message and the MDT availability indication message.

The UE may continuously perform MDT after handover is performed according to
the configuration to be changed, or may stop MDT performing after handover based on
an MDT performing stop message from the source BS.

A method for performing MDT controlling by each subject which performs a
handover procedure will be described with reference to the accompanying drawings.

FIG. 11 is a flow chart schematically explaining MDT controlling performed by a
source BS when a handover procedure is performed.

With reference to FIG. 11, the source BS receives a measurement report from the UE
(S1710). The source BS determines whether or not handover with respect to the corre-
sponding UE is required based on the measurement report from the UE.

When the source BS determines that handover is required, the source BS transmits an
MDT request message and/or an MDT configuration message to the target BS (S1720).
Here, the MDT request message and/or the MDT configuration message may be
included in a handover request message, which is transmitted by a source BS to a
target BS in the handover procedure, and transmitted.

The source BS receives an MDT availability indication message and/or an MDT re-
configuration message including information regarding a determination of the target
BS with respect to the MDT based on the MDT request message and/or the MDT con-
figuration message (S1730). The MDT availability indication message and/or the MDT
reconfiguration message may be included in a handover request ACK message and
transmitted from the target BS in the handover performing procedure. The MDT
availability indication message includes information regarding whether or not MDT
will be continuously performed in the target cell. The MDT reconfiguration message
includes information indicating that MDT will be continued in the target cell, and
when the MDT configuration of the source BS is different from that of the target BS,
the MDT reconfiguration message includes information regarding the MDT con-
figuration of the target BS.

The source BS checks whether the MDT will be continued in the target cell based on
the MDT availability indication message and/or the MDT reconfiguration message
(S1740). This determination may be performed along with a handover determination in
the handover procedure.

The source BS configures an MDT availability indication message including in-
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formation regarding whether or not MDT will be continued in the target cell and/or an
MDT reconfiguration message and transmit the same to the UE (S1750). The MDT
availability indication message and/or the MDT reconfiguration message transferred
by the source BS to the UE may be included in a handover command or transmitted
along with the handover command in the handover procedure. The handover command
may be transferred through an RRC message which is transmitted from a BS to a UE,
e.g., an RRC retransmission message, or the like, to the UE. The MDT availability in-
dication message and/or the MDT reconfiguration message, which have been
transmitted from the target BS, may be transmitted as it is to the UE, or required in-
formation may be extracted therefrom by the source BS or added thereto by the source
BS and then transmitted.

FIG. 12 is a flow chart schematically explaining MDT controlling performed by a
target BS when a handover procedure is performed.

The target BS receives an MDT request message and/or an MDT configuration
message from the source BS (S1810). The MDT request message and/or the MDT con-
figuration message may be included in a handover request message, which is
transmitted by a source BS to a target BS in the handover procedure, and transmitted.

The target BS checks the MDT request information and/or the MDT configuration
information included in the handover request message and checks the state of MDT
performed in the source BS (S1820). Checking of the MDT state by the target BS may
be performed in the handover acceptance control step of the handover procedure.

The target BS transmits an MDT availability indication message and/or an MDT re-
configuration message to the source BS based on the checking of the MDT state
(S1830). The MDT availability indication message and/or the MDT reconfiguration
message may be included in a handover request ACK message and transmitted in the
handover performing procedure.

FIG. 13 is a flow chart schematically explaining MDT controlling performed by a
UE when a handover procedure is performed.

The UE measures communication quality of a serving cell currently providing a
service and communication quality of neighbor cells near the serving cell continuously
or at every particular point in time. The UE transmits a measurement report regarding
the measurement results to the source BS (SeNB) (S1910). The measurement report
includes information determined according to a measurement report configuration. For
example, the measurement report may include measurement values regarding a cell
state which can be measured such as an RSRP, an RSRQ, or the like, of the cell.

The UE receives an MDT availability indication message and/or an MDT recon-
figuration message from the source BS (51920). The MDT availability indication

message and/or the MDT reconfiguration message may be received in a state of being
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included in a handover command or may be received along with the handover
command in the handover procedure.

The UE may maintain the MDT configuration, stop the MDT, or change the MDT
configuration based on the MDT availability indication message and/or the MDT re-
configuration message received from the source BS (S1930).

FIG. 14 is a schematic block diagram of a wireless communication system in which
an embodiment of the present invention is implemented.

With reference to FIG. 14, a BS 1400 includes a processor 1410, an RF unit 1430,
and a memory 1420. The processor 1410 implements the proposed functions,
procedures and/or methods.

The processor 1410 may configure an MDT configuration parameter and create a log
configuration request message. Also, the processor 1410 may determine whether or not
an MDT mode is required to be changed, and create a message instructing the UE to
change the MDT mode. When the processor 1410 determines that log information is
required, the processor 1410 may create a message requesting log information from the
UE, and process a log report transmitted from the UE in response. Also, during a
process in which handover occurs, the BS 1400 may be a source BS or a target BS.
Here, the processor 1430 may transfer information regarding whether or not the BS
1400 can support MDT by using information regarding an MDT version or release. Or,
the processor 1410 may transfer information regarding whether to perform MDT by
using a flag regarding MDT availability. Or, the processor 1410 may further configure
relevant information for supporting MDT and/or information regarding a required
specification, or the like, and transmit the same through the RF unit 1430. Here, the
processor 1410 may control the RF unit 1430 to configure a handover request message
(MDT availability indication message) or an MDT reconfiguration message to transmit
the MDT-related information.

Here, the relevant information for supporting MDT may include at least one among
information regarding a time of the BS 1400, information regarding a duration in
which log for MDT is proceeding, information regarding a log period/interval, in-
formation regarding an area in which MDT measurement is performed, information
regarding a PLMN (Public Land Mobile Network) ID available for MDT, information
regarding a list of MDT triggering events, and information regarding types of MDT
triggering events. Also, layers of a radio interface protocol may be implemented by the
processor 1410.

The memory 1420, connected to the processor 1410, may store various types of in-
formation for driving the processor 1410. In relation to MDT measurement, the
memory 1420 may store, for example, certain conditions, rules, indications previously

set between UEs. Also, the memory 1420 may store a log report received from a UE.
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The RF unit 1430, connected to the processor 1410, transmits and/or receives a radio
signal. The RF unit 1430 may transmit a log configuration request message created by
the processor 1410, a message indicating changing of an MDT operation, or the like, to
the UE. Also, the RF unit 1430 may receive a log information report transmitted by the
UE, and transmit or receive information related to handover.

The UE 1440 may include an RF unit 1450, a memory 1460, a processor 1470, a
signal measurement unit 1480, a log creation unit 1490, and the like.

The processor 1470 implements the proposed functions, procedures and/or methods.
Layers of a radio interface protocol may be implemented by the processor 1470.

The processor 1470 measures communication quality of a serving cell currently
providing a service and communication quality of neighbor cells near the serving cell
continuously or at every particular point in time, and then, performs a measurement
report regarding the corresponding measurement results or perform a log report with
respect to MDT measurement according to an embodiment of the present invention.
Here, the measurement report may include measurement values regarding a cell state
which can be measured such as an RSRP, an RSRQ, or the like, of the cell. Here, the
processor 1470 may configure a log environment for MDT measurement according to
an MDT configuration parameter received from the BS 1400. In case of an event
triggered MDT, the processor 1470 may determine whether or not triggering event has
occurred.

Also, the processor 1470 may maintain an MDT configuration, stop the MDT, or
change the MDT configuration based on an MDT availability indication message and/
or an MDT reconfiguration message received from the BS 1400. Also, in relation to
the MDT measurement, the processor 1470 may transmit an MDT triggering event
type, an MDT version or release information, or the like. Here, the information related
to the MDT measurement may further include at least one among information
regarding a duration in which log for MDT is proceeding, information regarding a log
period/interval, information regarding an area in which MDT measurement is
performed, information regarding the UE 1440, information regarding a list of MDT
triggering events, and information regarding types of MDT triggering events.

The memory 1460, connected to the processor 1470, stores various types of in-
formation for driving the processor 1470. The memory 1470 may store/manage a log
created according to MDT measurement.

The RF unit 1450, connected to the processor 1470, transmits and/or receives a radio
signal. The RF unit 1450 may receive a log configuration request message or a
message indicating changing of an MDT mode from the BS, and transmit a created log
information report, or the like. Also, the RF unit 1350 may receive the MDT related in-

formation through a handover request message (MDT availability indication message)
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or through an MDT reconfiguration message.

The signal measurement unit 1480, connected to the processor 1470, may perform
MDT measurement according to an MDT configuration. The log creation unit 1490,
connected to the processor 1470, may create a log according to an MDT measurement
value measured by the signal measurement unit 1480.

The processor 1410 and the processor 1470 may include an ASIC
(Application-Specific Integrated Circuit), a chip-chip, a logical circuit and/or a data
processor. The memories 1420 and 1460 may include a ROM (Read-Only Memory), a
RAM (Random Access Memory), a flash memory, a memory card, a storage medium,
and/or any other storage devices. The RF units 1430 and 1450 may include a baseband
circuit for processing a radio signal.

When the embodiments are implemented by software, the foregoing techniques may
be implemented by modules (processes, functions, or the like) performing the
foregoing functions. The modules may be stored in the memories 1420 and 1460 and
executed by the processor 1410 and the processor 1470. The memories 1420 and 1460
may be provided within or outside the processor 1410 and the processor 1470, re-
spectively, or may be connected to the processor 1410 and the processor 1470 through
a well-known unit, respectively.

Control information transferred from a higher layer described in the present
disclosure may also be transmitted via a physical control channel, and may be peri-
odically or aperiodically updated according to a request from a BS or a UE or
according to a predetermined certain rule or instruction.

In the exemplary system as described above, the methods are described based on the
flow chart by sequential steps or blocks, but the present invention is not limited to the
order of the steps, and a step may be performed in different order from another step as
described above or simultaneously performed. It would be understood by a skilled
person in the art that the steps are not exclusive, a different step may be included, or
one or more of the steps of the flow chart may be deleted without affecting the scope
of the present invention.

The preferred embodiments of the present invention have been described with
reference to the accompanying drawings, and it will be apparent to those skilled in the
art that various modifications and variations can be made in the present invention
without departing from the scope of the invention. Thus, the technical idea of the
present invention should be interpreted to embrace all such alterations, modifications,

and variations in addition to the accompanying drawings.
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Claims

A method for collecting information using an MDT (Minimization
Driving Test) in a wireless communication system, the method
comprising:

transmitting a log configuration request message for an MDT;
requesting a log report; and

receiving a log report,

wherein the log report is generated by at least one MDT mode of a
periodic MDT mode and an event triggered MDT mode, and in re-
questing the log report, MDT mode information indicating the at least
one MDT mode is transferred.

The method of claim 1, wherein the MDT mode information indicating
the MDT mode indicates changing of a current MDT mode of the log
report into a certain MDT mode, and a log report received after the
MDT mode information is transmitted is generated by the certain MDT
mode.

The method of claim 2, wherein the certain MDT mode is an event
triggered MDT mode, and the report includes information measured as
a certain event occurs.

The method of claim 1, wherein the log configuration request message
includes an MDT configuration parameter, and the MDT configuration
parameter may include parameters regarding at least one of an object of
an MDT measurement, a duration of an MDT measurement, a period of
an MDT measurement, a log report scheme, a log report period, a time
of a base station, and an occurrence of a triggering event initiating an
MDT measurement.

The method of claim 1, wherein further comprising:

determining whether the MDT configuration is required to be changed;
and

when it is determined that the MDT configuration is required to be
changed, a new MDT parameter is configured and transmitted.

A method for collecting information using an MDT (Minimization
Driving Test) in a wireless communication system, the method
comprising:

transmitting a log configuration request information for an MDT;
indicating changing of an MDT configuration; and

receiving a log report,
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wherein, in the indicating of changing of an MDT configuration, an
MDT mode is designated as at least one of a periodic MDT mode and
an event triggered MDT mode.

The method of claim 6, wherein the log configuration request message
includes an MDT configuration parameter, and the MDT configuration
parameter includes parameters regarding at least one of an object of an
MDT measurement, a duration of an MDT measurement, a period of an
MDT measurement, a log report scheme, a log report period, a time of
a base station, and an occurrence of an event in the MDT mode and the
event triggered MDT mode.

The method of claim 6, wherein the indicating of changing of an MDT
configuration comprises transmitting a log configuration request
message including a new MDT configuration parameter, or transmitting
anew MDT configuration parameter as a separate message.

A method for transmitting information using an MDT (Minimization
Driving Test) in a wireless communication system, the method
comprising:

setting a log environment based on an MDT configuration parameter
included in a log configuration request message;

performing an MDT and creating a log according to the set log en-
vironment; and

transmitting a log report regarding the created log,

wherein the MDT is performed by any one of a periodic MDT mode,
an event triggered MDT mode, and a mixture mode of mixedly using
the periodic MDT and the event triggered MDT, and the MDT mode is
changed according to an MDT mode indication or an occurrence of a
certain event.

The method of claim 9, wherein the MDT mode indication is included
in the log configuration request message or is received through a
separate message, and when the MDT mode indication indicates the
periodic MDT mode, a current MDT performing mode is changed into
the periodic MDT mode in which a measurement regarding an MDT is
periodically performed, when the MDT mode indication indicates the
event triggered MDT mode, the current MDT performing mode is
changed into the event triggered MDT mode in which a measurement
regarding an MDT is performed when a certain event occurs, and when
the MDT mode indication indicates the mixture mode, the current MDT

performing mode is changed into the mixture mode in which the
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periodic MDT mode and the event triggered MDT mode are performed
together.

The method of claim 9, wherein the information regarding a certain
event for changing the MDT mode is included in the MDT con-
figuration parameter included in the log configuration request message.
The method of claim 9, wherein the log configuration request message
includes the MDT configuration parameter, and the MDT configuration
parameter includes parameters regarding at least one of an object of an
MDT measurement, a duration of an MDT measurement, a period of an
MDT measurement, a log report scheme, a log report period, a time of
a base station, the MDT mode, an occurrence of an event in the event
triggered MDT mode, and an occurrence of an event for changing the
MDT mode.

An apparatus for collecting information, the appratus comprising:
processor configuring MDT (Minimization Driving Test) parameter
and log configuration request for MDT ; and

RF (Radio Frequency) unit transmitting the log configuration request
and log report request, and receiving log report,

wherein the log report is generated by at least one MDT mode of a
periodic MDT mode and an event triggered MDT mode, and the log
report request includes MDT mode information indicating the at least
one MDT mode.

The apparatus of claim 13, wherein the processor configures change
request for changing MDT configuration and transmitting the change
request through the RF unit, and

the change request indicates one of the periodic MDT mode and the
event triggered MDT mode.

An apparatus for transmitting information , the apparatus comprising:
processor setting a log environment based on an MDT (Minimization
Driving Test) parameter and creating a log with MDT; and

RF (Radio Frequency) unit transmitting a log report regarding the
created log,

wherein the MDT is performed by any one MDT mode of a periodic
MDT mode, an event triggered MDT mode, and a mixture mode of
mixedly using the periodic MDT and the event triggered MDT, and the
MDT mode is changed according to an MDT mode indication or an oc-

currence of a certain event.
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